The diversity and distribution of tropical vegetation becomes more important in the face of the ever increasing threats to the tropical ecosystems. This study was carried out to examine the variations in composition and diversity characteristics of the flora species of Falgore Game Reserve in Kano State, Nigeria, with a view to promoting sustainable conservation and management of the game reserve. The study area was stratified into four topographic locations, namely: hill top, sloppy area, level ground and the riparian forest. A one kilometer line transect perpendicular to a baseline (an established tract/road) was laid in each of the four study locations. 50m × 50m sampling plots were systematically established at a predetermined interval of 200m on both sides of the transect; given a total of ten sampling plots in each study site, and a total of forty (40) plots for the study. The 50m× Amonum et al.; JALSI, 20(3): 1-13, 2019; Article no.JALSI.48479 2 50m sampling plots were used for the assessment of woody plants species (trees, saplings and shrubs). One meter squarewas used for the assessment of the herbaceous layer (Herbs and Grasses). Plant Species diversity and distribution were estimated using species richness (D), species diversity (H′) and species evenness (E). Data were analyzed using descriptive statistics and Analysis of Variance (ANOVA) at p< 0.05. A total of 3,231.2 individuals/ha distributed in 23 families, 44 genera and 53 species were recorded in the study. Thirty six (36) species (67.9%) were trees, 7 species (13.2%) were shrubs, and 10 species (18.8%) were saplings while 10 species (18%) were herbs. The highest tree species diversity (H′= 2.5) was recorded at the level ground while the least was recorded at the sloppy area, (H 1 = 2.1). The highest diversity for Shrubs (H 1 = 1.23) was recorded at the sloppy area while the least (H 1 = 0.09) was recorded at the level ground. The highest species diversity of Saplings, (H′= 1.92) was recorded at the level ground while the least (H′ = 1.12) was recorded in the riparian forest. The highest mean value for tree height (14.8m) was recorded at riparian forest while the lowest (10.5m) was recorded at hill top. Findings of this study showed that land use types in association with environmental factors have substantial influences on the density and morphological characteristics of plant species in Falgore Game Reserve.
INTRODUCTION
Nigerian land, which covers a total area of 92.4 million hectares, has 9.7 million hectares, about 10% of the country, as forest reserves (Humphrey and Godwin, 2015) . Between 1990 and 2000, Nigeria lost about 2.7% of its natural forests to deforestation which increased to about 18.56% (about 2.06 million ha) between 2000 and 2010 [1, 2] . A cumulative 47.5% of Nigeria's natural forests were lost to deforestation between 1990 and 2010 [3] . Nigeria is among the five countries in the world with the highest annual rate of deforestation for the period 2000 -2010 [1] . These changes have caused the loss of some plant species and a decline in the biodiversity conservation status of the forest and environmental quality. The sustainable management and use of these resources is essential for the nation's economic and environmental security.
Falgore game reserve in Kano state, Nigeria was created to protect representative of forest resources for preservation of biodiversity and ecological processes, scientific study, education and the maintenance of genetic resources in degrading areas in the Kano state. There are 160 constituted forest reserves and six National Wildlife Parks in Nigeria; constituted forest reserves covered a total land area of about 1,075 km 2 [4] . This is 10 % of the 25 % of forestland earmarked for conservation during the reservation phase in the history of forestry development in Nigeria. These forest reserves are scattered in the 36 States of the Federation, and they are locally controlled by their respective State Governments through the Department of Forestry and Wildlife, but all the SNRs and the biosphere reserve were established and managed by the Forestry Research Institute of Nigeria. All other woodlands, apart from the constituted areas are regarded as free areas [4] .
Many protected areas in Nigeria are are experiencing degradation and loss. A global survey found widespread threats, particularly in the tropical countries [5] . Apart from these threats, the coverage of biomes by these protected areas is another area of concern. The rapid loss of biodiversity in West and Central Africa has heightened the need for sustainable management of threatened ecosystems in Africa [6] . This can only be achieved with good data on the status of flora diversity.
The properties of the mixture of woody and herbaceous vegetation can be very important in understanding the complex information on the relationship between land cover and the properties of each class or physiographic unit [7] . In Nigeria, Kayode [8] reported that there is lack of accurate data on flora composition. It is believed that protected areas can only be effective as tools for conservation if they are well managed using international conservation strategies and periodical monitoring. Thus, this finding on flora diversity and distribution of the study area would serve as information for projecting changes in vegetation over time. This is basic to understand regeneration processes, such as tree growth, tree mortality, understory development, and the spread of disturbances [9] . Species being perceived as being abundant might be getting closer to endangered while those previously perceived as being endangered might be nearing extinction.
MATERIALS AND METHODS

The Study Area
Falgore Game Reserve is a reservation area, belonging to Kano State Government. Part of the forest reserve, especially hilltop and slope area are facing serious level of degradation. The degradation was largely due to anthropogenic activities such as firewood extractions and overgrazing by nomadic herdsmen. The consent of d reserve management was sought prior to the embarking on the research.
FGR lies between latitude lies between latitude 10°50' and 11°50' N and longitude 8°35' and 8°45' E. It has a mean length of 50km North to South and a width of 28km East to West. It falls within the boundaries of Tudun-Wada, Doguwa and Sumaila Local Government Areas in the North, South and North-East, respectively. From the extreme South west it borders Kaduna State; it also shares boundaries with Lame-Burra Forest Reserve in Bauchi state on the South east. Annual rainfall is about 1000 mm decreasing to about 800mm around Kano metropolis [10] . The temperatures are warm to hot throughout the year, even though there is a slightly cool period during the Harmattan, between November and February. The mean monthly temperatures ranged between 21°C in the coolest months (December-January) to 41°C in the hottest months (April-May).
Sampling Design
Stratified random sampling technique was employed in order to capture the variability in land cover. The study area was stratified into four topographic locations, namely: Hill top, Sloppy area, Level Ground and the Riparian forest. Hilltop and Sloppy area study sites were located around Zarara hills of the Game Reserve. Level ground site was located around Yantabarmi and Uwar Bazai areas, while the Riparian forest was sited along the Eastern and Western coastlines of River Dori (a tributary of Kogin Kano).
Data Collection
Samples were collected between July and August, 2016 at the peak of rainy season. Tree species composition was determined by identifying, counting and recording each species and individuals of each species of trees occurring within the area of the 50m×50m sampling plots. Tree species samples were identified in the field with the assistance of an experienced game rangers and Technician. Tree species were mostly recorded in their Hausa language (names) after which they were converted to scientific names by referencing to Agishi and Shehu, who compiled vernacular names of Nigerian plants [11] . Diameter at breast height (dbh) of plants with vertical height of 3m were measured at 1.3m from the ground level, using diameter tape, while dbh of trees with multiple branches were determined by measuring the diameter of individual branches separately and them adding and dividing by the number of branches to get a single diameter value for the tree. Tree heights were measured, using Haga altimeter.
Data Analysis
2.4.1Floristic composition and distribution
Floristic composition in each study site was estimated using biodiversity indices namely, frequency, density, relative frequency, relative density, basal area, relative basal area, species richness, species diversity and species evenness.
Margalef index was use used to compute Species richness as cited by Spellerberg [12] and Magurran [13] . The formula of Margalef index is as follows:
Where: D = species richness index (Margalef index), N = the total number of individuals, ln = natural logarithm, S= total number of species in the community.
Shannon-Wiener diversity index
Shannon-Wiener diversity index was used to estimate species diversity. The ShannonWiener diversity index equation is given as Turyahabwe and Tweheyo [14] :
Where: H′ = Shannon diversity index, S= total number of species in the community, pi = the proportion of individuals or the abundance of the i th species, Ln= the natural logarism.
Pielou's evenness (equitability) index
Pielou's evenness (equitability) index was used to estimate the Species evenness as outlined by Turyahabwe and Tweheyo [14] as follows:
Where: S is the total number of species and H'= diversity index. In= natural logarithm, H'= Species evenness.
The indices were computed for all tree species in each plot and land use type. 
Importance
Frequency
This is the number of plots in which a species was sighted out of the total number of plots sampled.
Relative frequency
This is the degree of dispersion of individual species in an area in relation to the number of all the species encountered. It is given as:
Relative Frequency = Frequency of individual species Total of frequency values for all species × 100 (6)
Density
Density refers to the total number of individual species occurring in a sampled area. Density = (7)
Relative density
Relative density (R.D) is the study of numerical strength of a species in relation to the total number of individuals of all the species and can be calculated as:
R.D= (8) 
Basal area
BA (cm) = (9)
Where: d = diameter at breast height of each tree species, π = 3.142
2.4.9Relative basal area
RBA= (10)
Where: RBA= Relative basal area.
Analysis of variance (ANOVA) was used to test for significant different (p=0.05) and there was a ANOVA post test (Turkey method) applied between the sample areas in the study area,
RESULTS
Flora Composition and Distribution of Tree Growth Variables in Falgore Game Reserve
A total of 3, 231.2 individuals/ha distributed in 53 species, 44 genera and 23 families were recorded in the study area. Out of this number, 36 species (67.9%) with 110.2 individuals/ha were identified as trees, 7 species (13.2%) with 116.4 individuals/ha were identified as shrubs, and 10 species (18.8%) with 121.3 individuals/ha were recorded as saplings while 10 species (18%) with 2883.3 individuals/ha were identified as herbs (Table1).
Results in Table 2 show the Level ground recorded the highest Number of species, mean basal area, species diversity index and species richness (41, 63.5, 2.5 and 3.9, respectively).
The lowest values for all the variables were recorded at the hill top, except in species evenness where the highest value (3.9) was recorded at the site. Highest value for mean DBH and mean tree height (136 and 14.8) were recorded at the Riparian forest.
Distribution of Flora Species by Families in the Study Area
Combrataceae was observed to be the most dominant family with 8 species (34%), followed by Fabaceae with 7 species (30%), Poaceae and Caesalpinoideae had 5 species each (21%). Rubiaceae had 4 species (17%), Euphorbiaceae had 3 species (13%), Moraceae and Burseraceae had 2 species each (8%) ( Table 1) .
Other Families recorded in the study area were Meliaceae, Dioscoreaceae, Bignoceae, Ebanaceae, Palmeae, Loganiceae, Hymenocardiceae, Leguminoaceae, Annonaceae, Sterculiaceae, Mimosoideae, Sapotaceae, Anacardiaceae and Rosaceae with only one species each (Fig. 1). 
Distribution of Flora Life Falgore Game Reserve
On the distribution of plants life forms in the study area (Table 3) , the level ground recorded the highest number of tree species (24) as well as the highest individual tree count (382). This was followed by the riparian forest with 22 tree species and 300 individual trees. Sloppy area recorded 18 tree species and 258 individual trees, while the least numbers of tree species (13) 
Distribution of Flora Life-form in
On the distribution of plants life forms in the study area (Table 3) , the level ground recorded the highest number of tree species (24) as well as the highest individual tree count (382). This was followed by the riparian forest with 22 tree 0 individual trees. Sloppy area recorded 18 tree species and 258 individual trees, while the least numbers of tree species (13) and the least individual tree count (162) were noted in the hill top site. Other life-form (Herbs, shrubs and saplings), collectively termed as regenerations; the level ground was ranked highest with 8,924 herbs from 5 species. Hill top and sloppy sites recorded 4 species of herbs each and herbs density of 1,200 and 2, 485 respectively while the least number of species of herbs (3) were recorded in the Riparian forest. The highest number of saplings (650) distributed amongst 6 species was recorded in the sloppy area. Level ground recorded the highest number of species in the saplings layer (9) with 294 individuals; while the lowest number of species (5) for the saplings was recorded at the hill top. Shrubs were found to be distributed almost evenly across the study area. Sloppy area and the hilltop recorded the highest number of species (4) each with 300 and 109 individuals respectively; whereas, level ground and the riparian forest had 3 species each with 422 and 333 individuals, respectively.
Flora Diversity Indices
The result on flora diversity is shown on Table 4 . The highest tree species from Shannon wi diversity index (E 1 = 2.5) was recorded at the Level ground with Species richness (D = 3.9) and species evenness (E) = 0.78. This was followed by the riparian forest, with Shannon wiener diversity index, H′= 2.4, Species richness D = 3.6 and a relatively low Species evenness, which was less than the species evenness observed in the Sloppy area. Sloppy area each and herbs density of 1,200 and 2, 485 respectively while the least number of species of were recorded in the Riparian forest. The highest number of saplings (650) distributed amongst 6 species was recorded in the sloppy area. Level ground recorded the highest number of species in the saplings layer (9) with 294 number of species (5) for the saplings was recorded at the hill top. Shrubs were found to be distributed almost evenly across the study area. Sloppy area and the hilltop recorded the highest number of species (4) each with 300 and 109 individuals ely; whereas, level ground and the riparian forest had 3 species each with 422 and
The result on flora diversity is shown on Table 4 . The highest tree species from Shannon wiener = 2.5) was recorded at the Level ground with Species richness (D = 3.9) and ) = 0.78. This was followed by the riparian forest, with Shannon wiener = 2.4, Species richness D = 3.6 and a relatively low Species evenness, E = 0.77 which was less than the species evenness observed in the Sloppy area. Sloppy area , and E = 0.23 were obtained for the riparian forest, the sloppy area and the hill top, respectively, while the least species evenness value for the shrubs layer was recorded at the level ground (Table 4) . Highest values for species diversity, richness and evenness (H′= 1.92, D = 1.14 E= 0.34) for the saplings layer were recorded at the level ground. Sloppy area ranked second with species diversity valueH′ = 1.64.This was followed by the hill top with H′ = 1.44 and the least diversity values (Table 4) . For the herbaceous layer, highest diversity of Species H′= 3.3 was encountered at the Riparian forest. This was followed by the Sloppy area with diversity value D = 1.2.The level ground had Species richness D = 1.1; while the least Shannon Weiner diversity index for the herbaceous layer D =1.0 was recorded at the hill top (Table 4) .
Information on the relative frequency and Importance Value Index (I.V.I) of each species from the study are presented in the index section. 
DISCUSSION
The total number of plant species recorded in the study area is typical of savanna ecosystem. Plant species density varied across the four study sites of Falgore Game Reserve. Level ground and the Riparian forest accounted for more than 79% of the total density of vascular plants recorded for the study. The variation in the density of plant species between the four locations was evidently due to differences in the level of human interference as well as differences in elevation gradient. Level ground being more accessible to farmers and wood harvesters, due to its relative proximity to Falgore town (Yantabarmi and Hayin gada communities) was observed to suffer a moderate level of disturbance and incidentally recorded the highest species richness and diversity among the four study sites. This conforms to the works of Huston and DeAngelis [15] ; Sang, [16] and Todaria et al. [17] , who also obtained a maximum number of species richness in their studies due to intermediate disturbance of the forest types. Moreover, due to the presence of large and permanent water body in the Riparian forest, it has tall and big trees. This conforms to the findings at Buton forest in Indonesia, where large number of big and tall trees were found apparently due to abundant supply of groundwater [18] .
Plant species density was considerably less in the Hill top study site, with 1,435 individuals compared to the 9,095 individual plants recorded in the level ground. Elevation among other abiotic factors such as rainfall and geology could determine the rate of recovering, recruitment and eventually the floristic composition of a forest [2] . The diminishing plant density along elevation gradient in FGR is in conformity with the work of [19, 20] .
The present species richness of FGR with the highest number of 24 species and lowest with 13 species is considered low when compared to that of semi-evergreen forests of Indian Eastern Ghats and Western Ghats. The number of the species recorded in Kolli hills was between 26 and56 species [21] , Kalrayan hills had 42-47 species [22] , Shervarayan hills with 33-50 species [22] . Plant species richness in FGR is greater than that of Corbett National Park 3-20 species [23] . It was further indicated that Combrataceae is the most dominant family in the study area with 7 species traced to it. This was followed closely by the family Fabaceae with 6 species. This conforms to the findings of Zhigila et al. [24] who reported in his work that Combrataceae and Fabaceae are families known to be native species in most savanna-woodland Mosaics in Africa and are important families in tropical deciduous forests [25] . Moksia et al. [26] and Sawadogo et al. [27] reported that Combrataceae and Fabaceae were the important families in Kalfou Forest Reserve, Cameroon and Tioga forest in Burkina-Faso respectively which are also in the Savanna region.
There is uneven distribution of trees and other life-forms (saplings, shrubs and herbs) within and between the four study sites of FGR. Level ground and the riparian forest are ranking highest in terms of number of tree species, with the former having 24 species and 22 species for the later. The Riparian forest also recorded the highest density of herbs (Table 4 ). The pattern of species richness along disturbance gradient may vary from one life form to another. The level ground due to its relative proximity and accessibility to the game guards appeared to enjoy more regular and effective patrol. This conforms to the work of Lalfakawma et al. [27] , who recorded higher tree and shrub species richness in an undisturbed stand than in a disturbed one. The number of herbaceous species remained higher in the moderately disturbed riparian forest compared to the more protected level ground stand. Most studies on lianas have reported of increasing species richness along an increasing disturbance gradient [28, 29] . While higher species richness of trees in the Level ground was attributed to more effective patrol against human disturbance, that of herbs in the moderately disturbed Riparian forest has been explained by their ability to resprout and reach maturity quickly [30] . The difference that exists between the various life forms does not only represent habitat diversity of the different sites; it also reflects the adaptation of species to different environments and the large-scale influences on plant [31, 32] .
There were no significant variations in floral diversity between the four study locations in Falgore game reserve. The level ground and the riparian forest recorded very similar tree diversity values. The former recorded Shannon Weiner diversity index, H′ of 2.5 and a species richness D of 3.9 while the later had a Shannon diversity index H′of 2.4 and species richness D of 3.6. Sloppy area and hill top study sites also recorded moderately high diversity values of 2.1 and 2.2 respectively. An ecosystem with Shannon diversity value, H′ greater than 2 has been regarded as medium to high diverse in terms of species [33] . Thus, Falgore Game Reserve has relatively high tree species diversity. The higher value (2.5 and 2.4) for the level ground and the riparian forest can be associated with the presence of river which was responsible for the species composition as well as the rich soil nutrient content in the level ground.
CONCLUSION
The results from this finding showed that Falgore Game Reserve had an average species diversity value of between 2-4. Thus, Falgore Game Reserve can rationally be adjudged to have moderately high species diversity. Dominant plant species encountered in the study area include: Anogeissus leucarpus, Diospyrous mespliformis, Alysicarpus vaginalis, Annona senegalensis and Isorbelina doka. Other species like Mitragyna inermis and Nauclea latifolia have assumed a rare status as very few of their individuals were observed in one of the four locations. The study had also revealed that more than half of the identified flora families were represented by single species. This implies that, with the disappearance of those single species representing them, the affected families were put at the risk of local extinction. There was also uneven distribution of floral Life-forms between the four study sites. Based on the findings of this study, it is recommended that: there is need for Governments to provide alternative sources of fuel energy in order to stem the tide of indiscriminate trees felling. Many flora families were represented by single species underscores the need for further research effort in order to ensure the sustainability of those fragile species in the reserve.
